Abstract. Implementation of the recently developed Cyprus National Register of Commercial Varieties mandates proper cataloguing of the material conserved in the ex situ Olive Collection at the Agricultural Research Institute of Cyprus. A total of 125 trees belonging to 32 accessions were analyzed using 11 morphological endocarp traits and 14 microsatellite [simple sequence repeat (SSR)] markers. The SSR variability allowed segregation of 16 genotypes among accessions, which were clustered into three main groups based on genetic similarity. Similarity indexes among groups ranged from 0.63 to 0.65 and within groups were ‡0.9. Lower morphological variability was detected among accessions, which conformed to three morphological profiles; moreover, the three morphological profiles corresponded to the three groups of genetic similarity obtained by SSR markers. The identification, based on the unique combination of SSR genotypes and endocarp morphologies, revealed the presence of three cultivars and 15 molecular variants that presented limited molecular differences but morphological profiles identical to their catalogued cultivars. Two cultivars, 'Ladoelia' and 'Kato Drys', demonstrated molecular variation. The current study underpins the efficient management of olive germplasm collections based on combined molecular and phenotypic characterization of their accessions. The complete cataloguing of olive germplasm ensures the correct distribution of identified and authenticated material across national or international institutions.
The olive (Olea europaea L.) is among the most ancient crops of the Mediterranean basin (Zohary and Spiegel-Roy, 1975) . In Cyprus, as in the entire eastern Mediterranean region, olive trees coexisted with humans in almost all Neolithic settlements (6000-3000 BCE); however, the initiation of olive culture dates to the second millennium BCE (Hadjisavvas, 1992) . The olive crop is characterized by the existence of several clonally propagated traditional cultivars, which emerged through the empirical and local selection of exceptional trees (Trujillo et al., 2014) . Subsequently, the spread of olive culture westwards across the Mediterranean basin by successive centers of diffusion led to complex genetic relations among cultivars (Besnard et al., 2013; Rallo, 2005; Trujillo et al., 2014) .
At present, traditional olive groves in Cyprus mainly are established with very old varieties, which yet remain unidentified due to the scarcity of systematic surveys and characterization studies on local olive germplasm. The traditional system of olive culture coexists with modern olive groves established with reputable foreign varieties introduced on the island since the late 1970s. Marked examples of such varieties, regarded as select oil varieties, include the 'Koroneiki', 'Picual', and 'Moraiolo', introduced from Greece, Spain, and Italy, respectively. Among table olive varieties most common are 'Kalamon' and 'Amfissis' from Greece and 'Manzanilla de Sevilla' from Spain. The lack of systematic information on local olive germplasm curbs the dynamic exploitation of the local ancient genetic material and facilitates the preferential use of profusely characterized foreign varieties.
Gene banks ensure the long-term ex situ conservation of valuable genetic resources and command a vital role in the identification process of olive varieties. Their activity also contributes significantly to the control of genetic erosion of local olive germplasm, which in recent years poses a heightened risk as a result of the intensification of olive culture. The principle systematic survey conducted on indigenous olive germplasm from Cyprus focused solely on the clonal selection of the cv. Ladoelia, considered the main local variety (Gregoriou, 1996 (Gregoriou, , 1999 . The material collected in this study was conserved in the Olive Collection of the Agricultural Research Institute of Cyprus (OCARICY). This collection was partially characterized using random amplified polymorphic DNA markers (Banilas et al., 2003) and broad agronomic characters such as trunk cross-sectional area, yield per tree, fruit weight, fruit and endocarp length and diameter, fruit flesh percentage, and oil content (Gregoriou, 1996 (Gregoriou, , 1999 . The results obtained in these studies revealed high random amplified polymorphic DNA polymorphism as well as agronomic differences, identified mainly in respect to fruit weight and oil content.
On the basis of the guidelines set out by the European Union on varietal olive certification, Cyprus has launched the development of the National Register of Commercial Varieties. The implementation of the Register requires a systematic characterization study for the material of OCARICY as well as the application of more current methodological protocols for varietal identification. In this regard, a protocol recently has been established based on the integrated use of morphological and molecular markers (microsatellites) to facilitate the identification of the varieties present in olive gene banks. This protocol has allowed identification of the World Olive Germplasm Bank of Cordoba (WOGBC) and established a broad base of molecular data that can be exploited in crossing data between diverse olive gene banks (Trujillo et al., 2014) . Of several systems of morphological characterization applied on olive, the most optimal is the systematic use of pomological patterns, which include a large number of traits related to tree, leaf, fruit, and endocarp (Barranco et al., 2000 (Barranco et al., , 2005 . This protocol was adopted and referenced by the International Union for the Protection of New Varieties of Plants in 2011. Traits related to the endocarp stand out for their major discriminative capacity, limited fluctuation, and ease of conservation (Barranco et al., 2005; Trujillo et al., 2006) . For these reasons, the description of the endocarp frequently has been used to catalogue olive cultivars (Barranco et al., 2000 (Barranco et al., , 2005 Fendri et al., 2010; D'Imperio et al., 2011) and large collections of olive germplasm (Trujillo et al., 2014) .
The polymerase chain reaction (PCR)-SSR technique has been used widely in olive varietal characterization, as it consists of a relatively simple methodology that permits an easy interpretation of results (Fendri et al., 2010; Rafalski and Tingey, 1993) . Actually, the microsatellite markers (SSRs) are considered as leading markers for conducting varietal characterization and identification studies on olive (Anestiadou et al., 2017; Baldoni et al., 2009; Carriero et al., 2002; Cipriani et al., 2002; De La Rosa et al., 2002; Díez et al., 2011 Díez et al., , 2012 D'Imperio et al., 2011; Fendri et al., 2010; Haouane et al., 2011; Rallo et al., 2000; Sefc et al., 2000; Trujillo et al., 2014) . Their discriminative capacity, consistency, codominant nature, easy interpretation, and low cost account for their success.
The denomination of olive cultivars is usually a process synchronous to their diffusion. Accordingly, it may be based on outstanding morphological traits, on intended use, on geographical origin of the propagated material, or on other characteristics (Rallo, 2005; Trujillo et al., 2014) . As a result of the large number of varieties and the fact that their denomination is based mainly on generic criteria and local origin, the existence of synonymy (different names for the same cultivar) and homonymy (same name for different cultivars) is very common among and within olive-growing countries (Barranco et al., 2000) . It is estimated that there are more than 2000 olive varieties worldwide (Lavee, 1994) , whereas 1200 autochthonous varieties with more than 3000 denominations have been documented (Bartolini et al., 1998) . The crossing of characterization data (morphological and molecular) for olive varieties under identification with authenticated varieties of reference collections is the final step in the process of cultivar identification, capable of demonstrating the existence of synonymies. In Cyprus, it is believed that the local olive genetic material belongs entirely to one variety, although the results from the studies previously performed on olive by Gregoriou (1996 Gregoriou ( , 1999 and Banilas et al. (2003) revealed in some cases a greater than expected morphological and genetic variability in the material derived from clonal selection.
The main objective of the present study has been the characterization and identification of the genetic material included in the OCARICY collection using up-to-date molecular and morphological protocols optimized for olive. The current study facilitates the efficient management of olive germplasm collections based on combined molecular and phenotypic characterization of their accessions and highlights the promotion of agronomically valuable germplasm. In respect to the Cyprus indigenous germplasm, the current study lays the foundation for further enrichment of the OCARICY ex situ collection with additional olive genetic material currently preserved in situ under the threat of genetic erosion (Anestiadou et al., 2017) . Moreover, the present work contributes toward the advancement of characterization studies on indigenous olive genetic material, as well as toward the furthering of transnational relations between gene banks of similar scope.
Materials and Methods
Plant material. Samples of 32 accessions of cultivated olive (Olea europaea L.) from the ex situ OCARICY were analyzed (Table 1 ). The OCARICY material was previously collected in a systematic survey of clonal material of the variety Ladoelia performed by Gregoriou (1996 Gregoriou ( , 1999 . Each accession was given a unique identifier code composed by the letters ARICY plus four digits corresponding to the order of registration of the accession to the collection (e.g., ARICY0001). Aside from identifier codes, during the survey study names were assigned to accessions circumstantially that usually designated the geographical region of origin; for example, the accession referenced as Kato Drys (ARICY0008) had been localized at the village of Kato Drys in the district of Larnaca (Table 1) .
Preliminary morphological characterization was carried out on all 125 trees, which comprised the 32 accessions of OCARICY, provided they exhibited satisfactory production load and typical fruit morphology. Molecular characterization of one tree per accession was subsequently performed on all accessions with the exception of Arediou 3, Kato Drys 2, Kiti, Klirou 2, Lythrodontas, and Meniko. In the latter six accessions, minor variability was observed in the size and shape of fruits during the initial morphological characterization, which prompted more extensive sampling (of two or three trees) for molecular characterization (Table 1 ). All the accessions examined were self-rooted (nongrafted). Further to the accession identifier code, each of the trees analyzed also was assigned an individual identifier code according to its position within the collection (Table 2; Supplemental Table 1 ).
Morphological analysis. We evaluated 11 traits of the endocarp described by Barranco et al. (2000 Barranco et al. ( , 2005 and adopted by International Union for the Protection of New Varieties of Plants (2011): weight, length/ width ratio, symmetry in position A, symmetry in position B, position of the maximum transversal diameter B, shape of apex in position A, shape of base in position A, rugosity of surface, number of grooves, distribution of grooves on basal end, and presence of mucron (Table 3 ; Supplemental Table 1 ). Morphological characterization was carried out on representative samples of 50 endocarps per tree for at least 3 years. The morphological profile of each sample was designated a numerical code configured by the combined expression of the 11 endocarp traits evaluated (Table 3; Supplemental  Table 1) .
DNA extraction and PCR-SSR analysis. Total genomic DNA was isolated from fresh, young leaves following a CTAB protocol proposed by Murray and Thompson (1980) and further modified by De La Rosa et al. (2002) . A set of 14 microsatellite markers were analyzed: ssrOeUA-DCA3, ssrOeUA-DCA9, ssrOeUA-DCA11, ssrOeUA-DCA15, ssrOeUA-DCA16, ssrOeUA-DCA18 (Sefc et al., 2000) , GAPU-59, 71B, 101, 103A (Carriero et al., 2002) , UDO99-011, 019, 024, and 043 (Cipriani et al., 2002) (Table 4 ). All of them have been described as very efficient for olive cultivar identification studies (Baldoni et al., 2009; Trujillo et al., 2014) . Differences of 1 bp between alleles were checked by reamplification to establish whether a coding error had occurred. In the case of six accessions, referred to in the previous Plant Material section, replicate trees were compared. In cases of mismatch, replicates were analyzed again using newly collected plant material. Such cases of mismatch were considered correct SSR profiles if differences were confirmed in the repeat amplification products.
The microsatellite amplification was conducted on a final volume of 20 mL, containing 2 ng of genomic DNA, 1· supplies PCR buffer (Biotools, Madrid, Spain) Molecular data analysis. The allele profiles were sized in base pairs and characterized using GeneScan 3.7 (Applied Biosystems). A numeric code was assigned to different SSR profiles defined among trees analyzed (Tables 1 and 2 ). In addition, for each SSR locus the following parameters were calculated using software program Power Marker V3.23 (Liu and Muse, 2005) : average number of alleles; number of unique alleles, presented only by a single genotype; observed heterozygosity; expected heterozygosity; and polymorphism information content (Botstein et al., 1980) . The identity probability (PI) (Paetkau and Strobeck, 1994) for each locus and for the whole SSR set (accumulated PI) was calculated using the software Gimlet v1. 3.3 (Vali ere, 2002) .
The evaluation of the genetic relationships among the different genotypes was held by the construction of a matrix containing only the different SSR profiles, where the amplified alleles scored as present (1) or absent (0). Finally, this matrix was used to perform a cluster analysis based on the unweighted pair group method with arithmetic mean algorithm using Dice's similarity index (Dice, 1945) on NTSYS-PC v2.02 software (Rohlf, 1998) . The correlation coefficient between the similarity matrix and the cophenetic values matrix was computed to test the goodness of fit for the cluster analysis.
Identification and naming of cultivars. The discrimination among different cultivars was conducted via the pairwise comparison of their SSR and morphological profiles. For the verification of the distinctness or similarity of HORTSCIENCE VOL. 53(9) SEPTEMBER 2018 the defined cultivars in this study, from other potentially related accessions, their profiles were compared with the SSR and morphological profiles obtained from the varietal identification of the WOGBC, Spain (Trujillo et al., 2014) . This is one of the world's largest collections of olive germplasm, which currently includes profiles belonging to 500 olive accessions from 21 countries.
To assign correct varietal names to the 32 accessions evaluated in this work, we used the same criteria described in Barranco et al. (2000 Barranco et al. ( , 2005 and Trujillo et al. (2014) and according to the International Code of Nomenclature for Cultivated Plants (Brickell et al., 2009) 
as follows:
Cursive letter: Initial name of the accession before its identification. Name between quotation marks: Name of a cultivar after the processes of molecular and morphological identification.
Results and discussion
Morphological and molecular variability evidenced in OCARICY. The 11 endocarp traits examined were presented morphological variability, with the exception of the characteristic presence of mucron, evidenced throughout all endocarps evaluated. The characterization of 125 samples of endocarps allowed the definition of three phenotypes or morphological profiles (Table 3 ; Supplemental Table 1 ). Phenotypes 1 and 2 grouped four and 26 accessions, respectively, whereas phenotype 3 included invariably all trees of accession Korakou. Pairwise morphological differences among phenotypes ranged from nine characteristics (phenotypes 1 vs. 2) to six characteristics (phenotypes 2 vs. 3; Table 3 ; Fig. 1 ). Fendri et al. (2010) , by the application of the same 11 endocarp traits for the characterization and identification of Tunisian olive germplasm, also revealed clear differences in all the endocarp characters analyzed, between individuals identified as independent genotypes.
Absence of morphological variability between trees was observed in all accessions, including the accessions Arediou 3, Kato Drys 2, Kiti, Klirou 2, Lythrodontas, and Meniko, for which preliminary evidence had suggested limited morphological variability among accession tress and prompted extensive molecular characterization.
Regarding the SSR variability, 47 alleles were amplified with the 14 SSR loci analyzed. The number of alleles per SSR ranged from one (ssrOeUA-DCA15 and UDO99-019) to six (ssrOeUA-DCA16 and UDO99-43), with an average of 3.4 alleles per locus ( Table 4 ). The level of polymorphism obtained was similar to that obtained in previous studies carried out on a limited number of genotypes D'Imperio et al., 2011; Muzzalupo et al., 2010) whereas higher polymorphism was obtained by SSRs markers on a recent study of centennial olive trees in which some cv. Ladoelia accessions and foreign cultivars were included (Anestiadou et al., 2017) . The mean observed heterozygosity (0.8) was higher than the expected heterozygosity (0.48), with values ranging from 0.08 to 1 and from 0.08 to 0.71, respectively ( Table 4 ). The highest polymorphism information content presented by UDO99-043 is in agreement with the ranking of markers used in previous olive studies. Also, the order of information level of the 14 SSRs analyzed was similar to the order obtained in other studies for same set of SSRs (Fendri et al., 2010; Trujillo et al., 2014) . The total cumulative PI value for this set of markers was 6.44 · 10 -7 , which shows the high discrimination power of the SSR set used.
In fact, 16 allelic profiles or genotypes were amplified among 39 trees analyzed with the 12 polymorphic SSR loci. It should be noted that the same number of genotypes could be defined using a set of eight SSR loci (UDO99-043, ssrOeUA-DCA9, ssrOeUA-DCA11, ssrOeUA-DCA16, UDO99-024, GAPU71B, GAPU103, and ssrOeUA-DCA3). Each genotype was coded with an ordinal number from 1 to 16. ( Table 2 ). The distribution of the accessions per genotype was as follows: a) 11 accessions showed unique SSR profiles (not duplicated in any other accession) and b) 21 accessions shared SSR profiles with other accessions resulting in the identification of the five remaining SSR profiles (Tables 1 and 2 ). No molecular variability was found within the accessions where more than one tree was analyzed (Table 1) , and the minor morphological deviations recorded in preliminary observations performed before the present study (data not presented) may be attributed to agronomic and climatic effects. Moreover, the absence of variability within accessions based on both morphological and molecular markers allowed us to dismiss the possibility of errors occurring during the processes of propagation and plantation of accession trees (Tables 1 and  2 ; Supplemental Table 1) . Molecular similarities among different genotypes were evaluated using the Dice's similarity index. A wide range of similarity values was found between all possible pairs of accessions (data not shown), ranging from 0.645 to 1. A dendrogram was constructed by unweighted pair group method with arithmetic mean algorithm (Fig. 2) . The cophenetic correlation coefficient between the dendrogram and the original similarity matrix was significant and high (r = 0.99; P < 0.01), which indicates a good fit of the original data to the clustering. According to cluster analysis, the accessions were classified into three groups (I, II, and III) sharing a similarity index from 0.645 to 0.650 among them. Group I included five accessions: Kiti, Klirou 2, Kato Drys, and Kato Drys 1 from Nicosia and Larnaca region and one accession of unknown origin. This set of accessions shared high similarity indexes $0.9 among them. The pair of accessions Kiti-Unknown shared identical SSR profile (Profile 1). Group II was the most important in terms of the number of genotypes (11) and accessions (26), of which 22 (85%) and four (15%) were collected in the Nicosia and Larnaca districts, respectively ( Table 1 ). The similarity indexes among these accessions also were high, ranging from 0.915 to 1. Seven of the accessions belonging to this group showed unique SSR profiles (7, 8, 9, 10, 11, 13, and 15 ) and the remaining 19 accessions shared their SSR profiles with other accessions within Group II, resulting in the identification of the remaining four SSR profiles (5, 6, 12 , and 14; Tables 1 and 2 ). SSR profile 5 was the most abundant in the collection, with 12 accessions sharing this profile, which may support the case that it was a primary genotype. The Korakou accession was grouped independently to Groups I and II, with which it shared low values of similarity (0.64-0.65).
We observed that differences among genotypes within each group were always associated with minor differences (one or two alleles) detected in only one locus and corresponding at the same time to a difference of 1 bp between alleles ( Table 2 ). The consistency of these profiles was confirmed by reamplification of the samples. Up to seven (ssrOeUA-DCA3, ssrOeUA-DCA9, ssrOeUA-DCA11, ssrOeUA-DCA16, ssrOeUA-DCA18, GAPU103A, and UDO99-043) of 12 polymorphic SSRs were involved in the amplification of these small allelic differences (Table 4) . Such variations in DNA have been reported in olive (Anestiadou et al., 2017; Chalak et al., 2015; Charafi et al., 2008; Díez et al., 2011; Muzzalupo et al., 2010; Trujillo et al., 2014) as well as in other species, such as the grapevine, which commands a pattern of culture very similar to the olive concerning its diffusion, history, propagation system, and varietal diversity (Riaz et al., 2002; This et al., 2006) . These variations could be attributed to somatic mutations caused by the sequential clonal propagation of traditional varieties as well as to the type of molecular marker used, especially microsatellite types, as somatic mutations are bp = base pair; Na = number of alleles; Nu = number of unique alleles; Ho = observed heterozygosity; He = expected heterozygosity; PIC = polymorphic information content; PI = probability of identity; MV = whether the SSR was involved in the description of molecular variants.
more likely to occur in genomic regions highly variable and neutral evolving like the SSRs (Díez et al., 2011; Trujillo et al., 2014) . Cataloguing of the collection: identification and naming of cultivars. The use of OCARICY as the reference genetic collection in the context of the recently developed National Register of Commercial Varieties in Cyprus requires its appropriate cataloguing. For this purpose, we have used the criteria described in the protocol by Trujillo et al. (2014) for cataloguing the genetic resources preserved in olive germplasm banks, which is based on the integrated use of morphological and molecular markers (microsatellites). Thus, the category ''cultivar'' was assigned to accessions that presented morphological and/or molecular distinctness, whereas the category ''molecular variants'' was considered for those accessions that presented minimum variance in their molecular profiles (SI $ 0.9) but their morphological profiles were identical and referred to the same cultivar. Previous studies relied unilaterally on morphological (Gregoriou, 1996 (Gregoriou, , 1999 or molecular characterization of the Cyprus olive germplasm and interpreted the variability observed among 'Ladoelia' accessions in the context of a multiclonal cultivar (Anestiadou et al., 2017; Banilas et al., 2003) . By contrast, the present work constitutes the first characterization study on the entire OCARICY collection by combining SSR and morphological profiles. This methodology has enabled the identification and first report of the presence of three cultivars and 15 molecular variants among the 32 accessions of the OCARICY collection ( Table 1) .
The morphological grouping of accessions per cultivar was in agreement with that obtained by SSR markers. In other words, all accessions clustered in the same group according to their SSR profiles also demonstrated identical morphological profiles. For example, the five accessions clustered into Group I by SSR markers with similarity indexes $0.9 presented the same morphological profile (Phenotype 1) and belonged to the same cultivar ( Fig. 2 ; Table 1 ). The second cultivar (Group II) included 26 accessions that shared morphological profile 2 (Phenotype 2) and 11 similar molecular profiles (SI $ 0.9) (Fig. 2) . The third cultivar (Group III), labeled as Korakou, exhibited singular molecular and morphological profiles, numbered 16 and 3, respectively. This cultivar was the most distinct of the cultivars identified in the OCARICY collection ( Figs. 1 and 2 ; Tables 2 and 3 ). These results are not far from what we expected, since the germplasm under study comes from a clonal selection of 'Ladoelia', which renders perfectly reasonable the fact that 81% of the accessions corresponded to this cultivar. The grouping of accessions based on combined morphological and molecular traits has revealed no pattern of geographical clustering ( Fig. 2; Tables 1 and 3 ). For instance, the four accessions (Kiti, Kato Drys, Kato Drys 1, and Klirou 2) presently grouped under the first cultivar includes accessions originated by Larnaca and Nicosia county and even from distant regions. By combining the study of morphological and molecular profiles, we verified the value of this methodology for conducting similar studies on olive germplasm identification. Moreover, we have demonstrated that microsatellite markers UDO99-024 and GAPU 59 were each one in itself capable of discriminating the three identified cultivars of OCARICY without further discriminating intracultivar variability, hence their use is proposed for the efficient identification of olive genetic material with reference to the National Register of Commercial Varieties of Cyprus. Similar grouping of accessions to the present ( Fig. 2 ; Supplemental Table 1 ) was reported in previous agronomic and morphological studies conducted with reference to the OCARICY collection. For instance, the four accessions (Kiti, Kato Drys, Kato Drys 1, and Klirou 2) presently grouped under the first cultivar had been noted for their greater fruit size (5.5-6.4 g) compared with the accessions of second cultivar (2.8-3.8 g) in the studies by Gregoriou (1996 Gregoriou ( , 1999 , who also reported distinct oil contents in the accessions of the first (18.9%-21.8%), the second (25.5%-37.2%), and third cultivar (13.9%). It is possible that the wide range of oil content reported for the second cultivar derived partly from harvest maturity differences during the sampling of the various accessions. Although pronounced cases of distinctness among the OCARICY accessions had been reported in the aforementioned studies by Gregoriou (1996 Gregoriou ( , 1999 , the number of morphological variables characterized were limited; hence, no identification of distinct cultivars was proposed. The integrated use of morphological and molecular SSR markers adopted in the present study has allowed the identification of three distinct cultivars and 15 molecular variants within the OCARICY collection, with limited molecular and absent morphological variability between accessions of the same cultivar. The existence of molecular variants is not surprising, as it has been reported similarly in traditional varieties from other countries in which genetic diversity may accumulate via mutation events in clonally propagated centennial olives (Chalak et al., 2015; Charafi et al., 2008; Díez et al., 2011; D'Imperio et al., 2011; Khadari et al., 2008; Muzzalupo et al., 2010; Soleri et al., 2010; Trujillo et al., 2014) . Trujillo et al. (2014) previously have described a small number of Cypriot genotypes now included in the WOGBC database.
Comparing the morphological and molecular profiles for the OCARICY accessions reported in the present study with those of the entire WOGBC database, we found that the first and third cultivar of the OCARICY do not match any of the non-Cypriot genetic material included in WOGBC database. The first cultivar (represented by five accessions) showed identical morphological profiles and identical or nearly identical SSR profiles (SI $0.9) to the WOGBC database cv. Kato Drys from Cyprus identified by Trujillo et al. (2014) . The third cultivar is represented in the OCARICY collection by a single accession for which no information was available other than its place of origin, Korakou village; hence, the name assigned to this accession in the OCARICY collection (Korakou) was adopted as the cultivar name in the current study.
The results currently obtained and crossreferenced with the WOGBC database allowed us to assign the correct varietal name to each accession of the OCARICY collection (Table 1) , as well as to identify new cases of synonymy (different names for the same cultivar used in different growing areas) among the OCARICY collection material. Of particular interest is the second cultivar presently described, which matches not only the profiles of Cypriot accessions included in the WOGBC but additionally that of cv. Beladi from Lebanon. It is thus apparent that the names Ladoelia or Ntopia and Beladi are used respectively for the same cultivar in Cyprus and Lebanon, whereas both cultivar names (i.e., Ntopia in Greek and Beladi in Arabic) designate this cultivar as ''local.'' Notwithstanding the aforementioned synonymy, 'Ladoelia' is the cultivar name registered in the World Catalogue of Olive Varieties, with Cyprus being the assigned cultivar's putative area of origin (International Olive Oil Council, 2000) . The case of synonymy between the varieties 'Ladoelia' and 'Beladi' should not surprise us, taking into account the geographical proximity between the two respective countries of putative origin, Cyprus and Lebanon. Atienza et al. (2013) have also reported the affinity of the Cypriot accession Athalassa included in WOGBC to cv. Beladi (or Souri) by comparing their Diversity Arrays Technology (DArT) profiles. Chalak et al. (2015) have actually termed 'Beladi' as a landrace characterized by multiple molecular variants attributed to somaclonal mutations. Our present findings also highlight the high intracultivar molecular variability encountered in synonym 'Ladoelia' associated with minor differences detected in only one locus and corresponding at the same time to a difference of 1 bp between alleles, confirming that the intracultivar molecular variability emerged from somaclonal mutations. By exploiting the SSR profiles of the WOGB Marrakech produced by Haouane et al. (2011 ), Chalak et al. (2015 have also demonstrated the affinity of 'Beladi' with olive genetic material from Cyprus, attesting thereby to the ancient exchanges of olive germplasm between Lebanon and Cyprus. The aforementioned findings undoubtedly constitute a significant contribution to the unraveling of the diffusion events pertaining to cultivated olive in the Eastern Mediterranean.
Conclusions
The implementation of the National Register of Commercial Varieties and the use of the OCARICY as reference collection for the olive genetic material of Cyprus warranted prior characterization and cataloguing based on robust discriminative and contrasted methodologies (molecular vs. morphological) developed for olive. Integrated use of morphological and molecular markers for cataloguing the OCARICY accessions has facilitated the detection of synonymies and the identification of distinct cultivars. The use of SSR markers for the discrimination of intravarietal molecular variants provided access to a source of genetic variability previously ignored but potentially important for further evaluation of agronomic characters of interest. Our results further highlight the importance of conducting the identification process along with clonal prospection to reveal the presence of distinct varietal material. We have demonstrated that the OCARICY genetic material belongs to three distinct cultivars and thus repudiated the assumption underlying the original prospection and subsequent studies on this material that considered the OCARICY as a multiclonal collection derived from a single cultivar. The current findings corroborate recent molecular characterization of centennial olive trees of Cyprus in raising the question whether further unexplored olive genetic material exists in Cyprus requiring characterization and conservation. 
